PMMA thin films were deposited by sol gel spin coating method on ITO substrates. Toluene was used as the solvent to dissolve the PMMA powder. The PMMA concentration was varied from 30 ∼ 120 mg. The dielectric properties were measured at frequency of 0 ∼ 100 kHz. The dielectric permittivity was in the range of 7.3 to 7.5 which decreased as the PMMA concentration increased. The dielectric loss is in the range of 0.01 ∼ -0.01. All samples show dielectric characteristics which have dielectric loss is less than 0.05. The optical properties for thin films were measured at room temperature across 200 ∼ 1000 nm wavelength region. All samples are highly transparent. The energy band gaps are in the range of 3.6 eV to 3.9 eV when the PMMA concentration increased. The morphologies of the samples show that all samples are uniform and the surface roughness increased as the concentration increased. From this study, it is known that, the dielectric, optical, and morphology properties were influenced by the amount of PMMA concentration in the solution.
Introduction
Polymer material is widely being used in various devices as insulating material and for optoelectronic applications. This is due to their unique properties such as light weight, high flexibility, and ability to be fabricated at low temperature and low cost.
There are several organic dielectric materials that have been studied including polyvinyl phenol (PVP), polyimide, poly (methyl methacrylate) (PMMA), and other. PMMA is chosen to be dielectric materials in organic thin film transistor (OTFT) and organic field effect transistor (OFET) because it has good insulation properties such as low dielectric constant and low dielectric loss over a wide range frequency [1, 2] . Besides, having a low dielectric permittivity and dielectric loss, the surface morphology of dielectric also determine the device performance. The surface morphology has to be smooth and uniform because it affects the electronic transport properties which depending on the grain boundaries and defect located in the film [3] [4] [5] . PMMA also has attracted high attention for optical applications. This is because it has excellent transparency [6] [7] [8] [9] [10] [11] .
In this work, we prepared PMMA thin films with different concentration deposited on indium tin oxide (ITO) substrate to investigate the effect on the dielectric, optical, and morphology properties of PMMA thin film.
Experimental Setup
For synthesis of the PMMA sol-gel, PMMA (M w = 120, 000) and Toluene supplied by Aldrich were used. The ITO substrate used were carefully cleaned in a acetone, followed with methanol and deionized water using ultrasonication for 10 minutes. The concentration of the PMMA in the solution was varied by varying the weight of PMMA from 30, 60, and 120 mg. The solution was stirred for 24 hours at room temperature. The PMMA thin films were deposited by spin coating method, with the speed of 3000 rpm for 40 s, followed by drying in a furnace at 60
• C in atmosphere ambient for 5 minutes. After depositing the PMMA thin film, sputter coater was used to deposit 60 nm thick Au metal layer for metal contact. The PMMA films were characterized using impedance spectrometer to obtain the dielectric properties, UV-VIS Spectrometer to obtain the optical properties, and atomic force microscopy (AFM) for their morphologies.
Result and Discussion

Dielectric Properties.
The dielectric permittivity, k of PMMA thin films are shown in Figure 1 . The k value is measured under the frequency from 0 Hz ∼ 10 kHz. The result shows the k value for all PMMA concentration reduces as the amount of PMMA concentration is increased. The lowest PMMA concentration (30 mg) gives the highest k value which is ∼7.5 compared to 7.4 and 7.3 for 60 and 120 mg, respectively, at frequency of 40 kHz. This k values is higher than the k values obtained by other researchers which is ∼2.6 at 1 MHz [11, 12] . Bornand et al. have reported that k value decreases when the amount of PMMA concentration is high. This is because PMMA is an amorphous material and when the concentration is increased the material becomes more firm [13] . This can be explained by the following phenomena: well conducting grains are separated by the poorly conducting grain boundaries in the material. The electron reaches the grain boundary by hopping and the resistance of grain boundary is relatively more. The electrons pile up at grain boundaries where they produce polarization. When the frequency of applied field is increased, the electrons reverse their direction of motion more often which decreases probability of electrons reaching the grain boundary and as a result polarization decreases, therefore, decreasing the dielectric constant of the developed materials with the increase in frequency [14] [15] [16] .
Theoretically, a good dielectric material should have dielectric loss, tan δ < 0.05 [17] . The variation of tan δ with frequency for all PMMA concentrations is shown in Figure 2 . The tan δ was measured at frequency from 0 kHz ∼ 10 kHz. The results show that the tan δ increased for all PMMA concentration as the frequency being increased. The increment is due to the relaxation process that causes the tan δ to be much higher at high frequency. Other causes are due to the space charge polarization, in which, more grains in grain boundariescause the localized accumulation of charge under the influence of an electric field [14, 18] . Table 1 summarizes the dielectric properties of PMMA thin film at different concentrations.
Optical Properties.
The transmittance spectra of PMMA thin film with different concentrations were measured at the wavelength in the range of 200 ∼ 1000 nm. Figure 3 shows transmittance spectra for different PMMA concentrations. It is found that all samples are nearly transparent from the UV till NIR region. As the concentration increased the sample becomes more transparent. Therefore, it proves that all samples have the PMMA main characteristic which is highly transparent. The optical band gap of PMMA thin film with different concentration is shown in Figure 4 . The optical band gap energy E g can be determined using (1) where α is absorption coefficient, hν is the incident photon energy, and A is a constant. The thickness of the samples determined by surface profiler is 65.6 nm, 102.7 nm, and 141.1 nm for 30, 60, and 120 mg, respectively. Figure 4 shows the intercept of tangents to the (αhν) 2 3.84, and 3.79 eV for 30, 60, and 120 mg, respectively. It can be seen that as the PMMA concentration increased the E g decreased. The variation in optical band gap at different PMMA concentration might be due to optical scattering by the grain boundaries. The reduction in light absorption coefficient properties for thin film prepared at 120 mg concentration might be due to the defects in the thin films which got higher as the growth along c-axis becomes lower at high concentration. The grain boundaries effect which scatters the light that is reduced is believed to be the factor of this phenomenon. These results are contradict with the values obtain by Ahmed andŠvorčik et al. that are 4.6 eV and [8, 19] . Table 2 summarizes the optical properties of PMMA thin film at different concentration
3.3. Surface Morphology. In order to investigate the influence of PMMA concentration on the morphology, the topography of the films was determined using AFM technique shown in Figure 5 . The AFM images show that all films are uniform and there is no significant difference between all concentration. The average roughness, R A is 0.543 nm, 0.605 nm, 
Conclusion
In summary, we have investigated the influence of PMMA concentration on dielectric, optical, and morphological properties of PMMA thin films. Dielectric properties of PMMA thin films have shown by varying the amount of PMMA concentration. The dielectric permittivity and dielectric loss are reduced as the concentration is increased. The optical properties of PMMA thin film show that all films are high as reported by other researcher. The optical band gap found to be increased with doping concentration. The morphology properties show that all films are uniform and the surface roughness is increased due to the increment in the solution viscosity.
